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(54) Method for forming multilevel interconnections in a semiconductor device 



(57) The present invention provides a novel method 
for forming multilevel interconnections in a semiconduc- 
tor device. A silicon oxide film (2) is formed on a semi- 
conductor substrate (1 ). A first photo-resist film pattern 
(3, 3A) is formed on the first silicon oxide film (2). The 
surface of the silicon oxide film (2) covered with the pho- 
to-resisit film pattern (3, 3A) is exposed to a super-sat- 
urated hydrosilicofluoric acid solution to selectively de- 
posit a first fluoro-containing silicon oxide film (4A) on 
the silicon oxide film (2) by use of the first photo-resist 
film pattern (3, 3A) as a mask. The first photo-resist film 
pattern (3, 3A) is removed, thereby resulting in first 
grooves (5 r 5A) in the fluoro-containing silicon oxide film 
(4A). First interconnections (9-1 a) are formed within the 
first grooves (5, 5A). An inter-layer insulator (12) is 
formed on an entire surface of the device and then sub- 
jected to a dry etching and a photo-lithography to form 
via holes (15A, B) in the inter-layer insulator (12). Con- 
ductive films (1 9) are selectively formed in the via holes 
(15A, B). A second photo-resist film pattern (11, 11 A) is 
selectively formed to cover the conductive films (19) 
within the via holes (15A, B). The entire surface of the 
device covered with the second photo-resisit film pattern 
(11, 11 A) is exposed to a super-saturated hydrosili- 
cofluoric acid solution to selectively deposit a second 
fluoro-containing silicon oxide film on the inter-layer in- 
sulator (12) by use of the second photo-resist film pat- 
tern (11, 11 A) as a mask. The second photo-resist film 
pattern ( 1 1 , 1 1 A) is removed, thereby resulting in second 
grooves (1 8, 1 8A) in the second fluoro-containing silicon 



oxide film. Second interconnections (9-3a) are formed 
within the second grooves (18, 18A). 



FIG. 3 A. 
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Abstract of EP0724292 

The present invention provides a novel 
method for forming multilevel 
interconnections in a semiconductor device. 
A silicon oxide film (2) is formed on a 
semiconductor substrate (1 ). A first photo- 
resist film pattern (3, 3A) is formed on the 
first silicon oxide film (2). The surface of the 
silicon oxide film (2) covered with the photo- 
resisit film pattern (3 t 3A) is exposed to a 
super-saturated hydrosilicofluoric acid 
solution to selectively deposit a first fluoro- 
containing silicon oxide film (4A) on the 
silicon oxide film (2) by use of the first 
photo-resist film pattern (3, 3A) as a mask. 
The first photo-resist film pattern (3, 3A) is 
removed, thereby resulting in first grooves 
(5, 5A) in the fluoro-containing silicon oxide 
film (4A). First interconnections (9-1 a) are 
formed within the first grooves (5, 5A). An 
inter-layer insulator (12) is formed on an 
entire surface of the device and then 
subjected to a dry etching and a photo- 
lithography to form via holes (1 5A, B) in the 
inter-layer insulator (12). Conductive films 
(1 9) are selectively formed in the via holes 
(1 5A t B). A second photo-resist film pattern 
(11, 1 1 A) is selectively formed to cover the 
conductive films (19) within the via holes 
(1 5A, B). The entire surface of the device 
covered with the second photo-resisit film 
pattern (11,1 1A) is exposed to a super- 
saturated hydrosilicofluoric acid solution to 
selectively deposit a second fluoro- 
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containing silicon oxide film on the inter- 
layer insulator (12) by use of the second 
photo-resist film pattern (11,1 1A) as a 
mask. The second photo-resist film pattern 
(1 1 , 1 1 A) is removed, thereby resulting in 
second grooves (18, 18A) in the second 
fluoro-containing silicon oxide film. Second 
interconnections (9-3a) are formed within 
the second grooves (18, 18A). 
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Method for forming multilevel interconnections in a semiconductor device 

Description of EP0724292 



The present invention relates to a method for forming multilevel interconnections in a semiconductor device. 

In order to increase the density of integration of the semiconductor device, scaling down of the 
interconnections and increase in the number of levels thereof are necessary. Surface penalization of an 
inter-layer insulator is essential to obtain the scaling down of the interconnections. The accuracy of the scale 
of the interconnections formed on the inter-layer insulator largely depends upon the degree of the surface 
planarization of the inter-layer insulator. The increase in the number of the interconnection level enlarges a 
difference in level, or a height of the step, of the upper interconnection. If the difference in level of the upper 
interconnection is beyond the depth of focus in the photo-lithography, then the scale of the interconnection is 
different between the upper and lower parts bounded by the step.ln order to improve the accuracy of the size 
of the interconnections, it is essential to reduce the step as much as possible. 

In the prior art, the following forming process for the inter-layer insulator is often used. A first silicon oxide film 
is deposited by a plasma chemical vapor deposition method. A spin-on-glass film is formed on the first silicon 
oxide film in order to obtain a plagiarized surface. A second silicon oxide film is deposited on the spin-orv 
glass film by the plasma chemical vapor deposition method. The planarization method using an SOG film is 
effective to plagiarize a portion at which many narrow interconnections are concentrated. In this case, the 
SOG film is formed as thin over narrow interconnections and is formed as thick over wide interconnections. 
As a result, it is difficult to completely plagiarize an entire surface of a chip, thereby causing the variation in 
size of interconnections formed on the inter-layer insulator.This means that it is difficult to form fine 
interconnections. 

The requirement for completely plagiarizing the inter-layer insulator has been on the increase, in order to 
facilitate the planarization, it is effective to provide a silicon oxide film with grooves which receive 
interconnections being made of tungsten. This teclmique is disclosed in VLSI Multilevel Interconnection 
Conference Proceedings, June 1992 pp. 22-28. The tungsten film is immersed in a contact portion of 64 Mbit 
DRAM. A first interconnection layer comprises a tungsten film which is immersed in an interconnection 
groove of the silicon oxide film. A second interconnection layer comprises a lamination structure of an 
aluminum film and a tungsten film. Detail descriptions of the above teclmique will be described below with 
reference to FIGS. 1 A-1 H. 

As illustrated in FIG. 1 A, a first insulating film 2, which is made of silicon oxide, is formed on a silicon 
substrate 1 . A second insulating film 3, which is made of silicon oxide film, is formed on the first insulating 
film 2. 

As illustrated in FIG. 1 B, a photo-resist film 27 is applied on the second insulating film 4 and then patterned to 
form a photoresist pattern 27. 

As illustrated in FIG. 1C, the second insulating film is subjected to a reactive ion etching using fluorine gas to 
form first interconnection grooves 5 in the second insulating film 4. 

As illustrated in FIG. 1 D, a titanium film 6-1 is formed by sputtering on the side walls and the bottom of each 
of the first interconnection grooves 5 and on the top of the second insulating film 4. A titanium nitride film 7-1 
is formed by sputtering on the titanium film 6-1 . A tungsten film 8-1 is grown on an entire surface of the 
titanium nitride film 7-1 by a chemical vapor phase deposition method using WF6 gas and SiH4 gas wherein 
SiH4 is reduced. As a result, the first interconnection grooves 5 are filled with the tungsten film 8-1 and the 
top of the titanium nitride film 7-1 is completely immersed within the tungsten film 8-1 . 
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As illustrated in FIG. 1 E, the tungsten film 8-1 , the titanium nitride film 7-1 and the titanium film 6-1 are 
selectively removed by a chemical/mechanical polishing so that the tungsten film 8-1 , the titanium nitride film 

7- 1 and the titanium film 6-1 remain only within the first interconnection grooves 5. As a result, first 
interconnections 9-1 , which comprises the titanium film 6-1 , the titanium nitride film 7-1 and the tungsten film 

8- 1 , are formed within the first interconnection grooves 5. 

As illustrated in FIG. 1 F, a second insulating film 1 3, which is made of silicon oxide, is formed on the level 
surface of the device, wherein the second insulating film 13 acts as an inter-layer insulator. Via holes 15 are 
selectively formed in the second insulating film 13 by a combination of photo-lithography and reactive ion- 
etching. The via holes 15 are positioned over the remaining tungsten film 8-1 within the first interconnection 
grooves 5. The top of the first interconnections 9-1 are covered by the second insulating film 13. 

As illustrated in FIG. 1 G, a titanium film 6-2 is formed by sputtering on the side walls and the bottom of each 
of the via holes 1 5 and on the top of the second insulating film 1 3. A titanium nitride film 7-2 is formed by 
sputtering on the titanium film 6-2. A tungsten film 8-2 is grown on an entire surface of the titanium nitride film 
7-2 by a chemical vapor phase deposition method using WF6 gas and SiH4 gas, wherein SiH4 is reduced. 
As a result, the via holes 1 5 are filled with the tungsten film 8-2 and the top of the titanium nitride film 7-2 is 
completely immersed within the tungsten film 8-2. The tungsten film 8-2, the titanium nitride film 7-2 and the 
titanium film 6-2 are selectively removed by a chemical/mechanical polishing so that the tungsten film 8-2, 
the titanium nitride film 7-2 and the titanium film 6-2 remain only within the via holes 1 5.As a result, the 
contacts 9-2, which comprises the titanium film 6-2 and the titanium nitride film 7-2, are formed within the via 
holes 15. 

As illustrated in FIG. 1 H, an insulating film 16, which is made of silicon oxide, is formed on the surface of the 
device. A photo-resist film, which is not illustrated, is applied on the insulating film 1 6 and then patterned to 
form a photoresist pattern, which is not illustrated. The insulating film 16 is subjected to a reactive ion etching 
using fluorine gas to form second interconnection grooves 1 8 in the insulating film 1 6. A titanium film 20 is 
formed by sputtering on the side walls and the bottom of each of the second interconnection grooves 1 8 and 
on the top of the insulating film 1 8. An aluminum film 21 is formed by sputtering on the titanium film 20 within 
the second interconnection grooves 18. A tungsten nitride film 22 is formed on the aluminum film 21 within 
the interconnection grooves 18. A tungsten film 23 is grown on an entire surface of the device by a chemical 
vapor phase deposition method using WF6 gas and SiH4 gas, wherein SiH4 is reduced. As a result, the 
second interconnection grooves 1 8 are completely filled with the tungsten film 23. The tungsten film 23 are 
selectively removed by a chemical/mechanical polishing so that the tungsten film 23, the tungsten nitride film 
22, the aluminum film 21 and the titanium film 20 remain only within the second interconnection grooves 18. 
As a result, second interconnections are formed within the second interconnection grooves 18. Each of the 
interconnections comprises the tungsten film 23, the tungsten nitride film 22, the aluminum film 21 and the 
titanium film 20. 

The above conventional method for forming the multilevel interconnections has the following disadvantages. 
As described above, the interconnection grooves for receiving the interconnections are formed by subjecting 
the silicon oxide film 4 to the reactive ion-etching. The silicon oxide film 4 overlays the silicon oxide film 2. 
The silicon oxide film 4 has a not large selective ratio in reactive ion-etching to the silicon oxide film 2. Thus, 
the etching rate of the silicon oxide film 4 is not so larger than the etching ratio of the silicon oxide film 2. For 
that reason, it -is difficult to precisely control the etching depth. The reactive ion-etching depends on the 
pattern due to micro-loading effect. For example, the etching depth is varied by the variation in the width of 
the interconnection groove.The depth of the interconnection groove corresponds to the thickness of the 
interconnections. When the depth of the interconnection groove has a variation, this means that the 
interconnection thickness also has a variation, thereby resulting in deterioration of the reliability of the 
interconnections. 

There is another conventional method for fonning multilevel interconnections, which will hereinafter be 
described with reference to FIGS. 2A-2E. In order to form the multilevel interconnections by both a liquid 
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phase growth of a silicon oxide film and a non-electro-plating. This teclmique is the same as disclosed in the 
Japanese laid-open patent application No. 4-290249. The process for forming the multilevel interconnections 
are as follows. 

As illustrated in FIG. 2A, a silicon oxide film 2 is formed on a silicon substrate 1 . A copper film 24, having a 
thickness of 100 nanometers, is formed on the silicon oxide film 2 by sputtering. 

As illustrated in FIG. 2B, a photo-resist film is applied on the copper film 24 and then pattered to form a first 
photo-resist pattern 3. The copper film 24 is selectively etched by using the first photo-resist pattern 3 as a 
mask. A fluoro-containing silicon oxide film 4 is selectively grown by a liquid phase growth method using the 
first photo-resist pattern 3 as a mask, so that the fluoro-containing silicon oxide film 4 is formed in apertures 
defined by the first photo-resist pattern 3. 

As illustrated in FIG. 2C, the first photo-resist pattern 3 is removed. A first copper plating film 25 is selectively 
formed by a non-electro-plating method on the copper film 24 in apertures defined by the fluoro-containing 
silicon oxide film 4. 

As illustrated in FIG. 2D, a photo-resist film is applied on the copper film 24 and then pattered to form a 
second photo-resist pattern 1 1 on a predetermined part of the first copper plating film 25. A fluoro-containing 
silicon oxide film 13A is selectively grown by a liquid phase growth method using the second photo-resist 
pattern 1 1 as a mask, so that the fluoro-containing silicon oxide film 13A is formed in apertures defined by 
the second photo-resist pattern 11. 

As illustrated in FIG. 2E, the second photo-resist pattern 1 1 is removed. A second copper plating film 26 is 
selectively formed by a non-electro-plating method on the first copper plating film 25 in apertures defined by 
the fluoro-containing silicon oxide film 13A. 

The above method for forming the interconnections has the following disadvantages. As described above, 
the non-electro-plating of a metal is used to fill the grooves and the holes with the metal. The metal has to be 
selected from limited groups, such as gold, copper and nickel, suitable for the metal plating. It is difficult to 
form the interconnections by use of the sputtering and the chemical vapor deposition. In order to form the 
silicon oxide film, there has to be used an H2SiF6 liquid in which HF is included. Even when a boric acid is 
added to cause a supersaturation state, HF dissociates by extracting silicon oxide. For this reason, it is 
impossible to use metals, such as aluminum, which are soluble to HF. Copper tends to be oxidized. In the 
plating method using a liquid, the copper surface under the via hole tends to be oxidized.The oxidized 
surface of the copper film acts as an insulator, thereby an electrical connection between the first and second 
interconnections can not be obtained. 

Accordingly, it is an object of the present invention to provide a novel method for forming interconnections 
free from any disadvantages as described above. 

It is a further object of the present invention to provide a novel method for forming interconnections, which 
permits variable materials to be used for the interconnections. 

It is a further more object of the present invention to provide a novel method for forming interconnections with 
a uniform thickness. 

It is a moreover object of the present invention to provide a novel method for forming multilevel 
interconnection structure with a high reliability. 

It is a still further object of the present invention to provide a novel method for forming multilevel 
interconnections which are electrically connected to each other. 

It is yet a further object of the present invention to provide a novel method for forming multilevel fine 
interconnections being planarlized. 
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The above and other objects, features and advantages of the present invention will be apparent from the 
following descriptions. 

The present invention provides a novel method for forming multilevel interconnections in a semiconductor 
device. A silicon oxide film is formed on a semiconductor substrate. A first photo-resist film pattern is formed 
on the first silicon oxide film. The surface of the silicon oxide film covered with the photo-resisit film pattern is 
exposed to a super-saturated hydrosilicofluoric acid solution to selectively deposit a first fluoro-containing 
silicon oxide film on the silicon oxide film by use of the first photo-resist film pattern as a mask. The first 
photo-resist film pattern is removed, thereby resulting in first grooves in the fluoro-containing silicon oxide 
film. First interconnections are formed within the first grooves. An inter-layer insulator is formed on an entire 
surface of the device and then subjected to a dry etching and a photo-lithography to form via holes in the 
inter-layer insulator. Conductive films are selectively formed in the via holes. A second photo-resist film 
pattern is selectively formed to cover the conductive films within the via holes. The entire surface of the 
device covered with the second photo-resisit film pattern is exposed to a super-saturated hydrosilicofluoric 
acid solution to selectively deposit a second fluoro-containing silicon oxide film on the inter-layer insulator by 
use of the second photo-resist film pattern as a mask. The second photo-resist film pattern is removed, 
thereby resulting in second grooves in the second fluoro-containing silicon oxide film. Second 
interconnections are formed within the second grooves. 

As modifications, the following process for forming the inter-layer insulator is available. A silicon oxide base 
film is deposited on an entire surface of the device. A second photo-resisit film pattern is selectively formed 
on the silicon oxide base film to overlay only the first interconnections. The entire surface of the device, 
covered with the second photo-resisit film pattern, is exposed to a super-saturated hydrosilicofluoric acid 
solution to selectively deposit a fluoro-containing silicon oxide inter-layer insulator film on the inter-layer 
insulator by use of the second photo-resist film pattern as a mask. The second photo-resist film pattern is 
removed, thereby resulting in apertures in the fluoro-containing silicon oxide inter-layer insulator filmThe 
silicon oxide base film shown through the apertures is removed by the reactive ion-etching so as to form via 
holes in the fluoro-containing silicon oxide inter-layer insulator film. A selective chemical vapor deposition 
method is available to selectively form metal films such as tungsten films within the via holes. The following 
processes are also available for forming metal films such as tungsten films within the via holes. A metal film 
is deposited on an entire surface of the device and then subjected to either a dry etching or a chemical/ 
mechanical polishing to have the metal film partially remain in the via holes. 

As further modifications, the silicon oxide film may contain at least one of phosphorus, boron and 
germanium. Such film may be formed by either a sputtering method or a chemical vapor deposition method. 
The interconnections may be made of a conductive material which includes at least one of titanium nitride, 
tungsten, molybdenum, gold, silver, copper, silicon, aluminum, titanium, titanium-containing silicon. Such 
conductive film may be formed by a chemical vapor deposition method or a sputtering method. 

The super-saturated hydrosilicofluoric acid solution may be prepared by heating a hydrosilicofluoric solution. 
The super-saturated hydro-silicofluoric acid solution may also be prepared by dissolving aluminum into a 
hydrosilicofluoric solution. The super-saturated hydro-silicofluoric acid solution may be prepared by adding 
either a boric acid solution or water into a hydrosilicofluoric solution. 

As described above, the interconnection grooves are formed by a selective growth of the fluoro-containing 
silicon oxide film without using a reactive ion-etching process. This means that the interconnection grooves 
are free from any variation in its size due to any variation in the size of a photo-resisit pattern. 

When the inter-layer insulator is formed, the first interconnections which underlying the inter-layer insulator 
are not exposed to the super-saturated hydro-silicofluoric acid solution so that the first interconnections are 
free from any corrosion. 
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When the second fluoro-containing silicon oxide film which overlays the inter-layer insulator is formed, the 
conductive films in the via holes of the inter-layer insulator are not exposed to the super-saturated hydro- 
silicofluoric acid solution so that the conductive films are free from any corrosion. 

The groves and the via holes are filled with the conductive material to obtain level surfaces for facilitating the 
planerization. 

Preferred embodiments of the present invention will be described in detail with reference to the 
accompanying drawings. 

FIGS. 1A-1 H are cross sectional elevation views illustrative of the semiconductor device with multilevel 
interconnections involved in the conventional fabrication method. 

FIGS. 2A-2E are cross sectional elevation views illustrative of the semiconductor device with multilevel 
interconnections involved in the other conventional fabrication method. 

FIGS. 3A-3N are cross sectional elevation views illustrative of a semiconductor device with multilevel 
interconnections involved in a novel fabrication method in a first embodiment according to the present 
invention. 

FIGS. 4A-4J are cross sectional elevation views illustrative of a semiconductor device with multilevel 
interconnections involved in a novel fabrication method in a second embodiment according to the present 
invention. 

FIGS. 5A-5K are cross sectional elevation views illustrative of a semiconductor device with multilevel 
interconnections involved in a novel fabrication method in a third embodiment according to the present 
invention. 

FIGS. 6A-6H are cross sectional elevation views illustrative of a semiconductor device with multilevel 
interconnections involved in a novel fabrication method in a fourth embodiment according to the present 
invention. 

A first embodiment according to the present invention will be described with reference to FIGS. 3A-3N, 
wherein a novel method for forming multilevel interconnections in a semiconductor device is provided. 

As illustrated in FIG. 3A, a first insulating film 2, being made of silicon oxide and having a thickness of 1 
micrometer, is formed as a first insulator on a silicon substrate 1 by a plasma chemical vapor deposition 
method. A photo-resist is applied on the silicon oxide film 2 and then patterned by photo-lithography to form a 
photo-resist pattern 3 A on the first insulating film 2. 

As illustrated in FIG. 3B, a second insulating film 4A, being made of fluoro-containing silicon oxide and 
having a thickness of 0.8 micrometers, is grown on the first insulating film 2 by using the photo-resist pattern 
3A as a mask. The growth of the fluoro-containing silicon oxide film 4A is achieved by a liquid phase growth 
which uses a super-saturated hydrosilicofluoric acid solution, wherein the hydrosilicofluoric acid in the 
solution is maintained in super-saturated state by immersing and dissolving an aluminum piece in an 
aqueous solution which includes a hydrosilicofluoric acid at a concentration of about 40% by weight. The 
reaction of hydrosilicofluoric acid with aluminum is expressed by the following formulae. <CHR NUM="(1 ) 
">H2SiF6 + 2H20 -> 6HF + IS02 <CHR NUM= n (2)">AI<3+> + 3HF -> AIF3 + 3H<+> 

The above matter is disclosed in the Japanese laid-open patent application No. 62-20876. The reaction of 
hydrosilicofluoric acid with aluminum, which is expressed by the above formulae (1 ) and (2), is caused by 
adding aluminum into the hydrosilicofluoric acid solution. The chemical equilibrium expressed in the left hand 
term is broken, thereby resulting in an extraction of fluoro-containing silicon oxide so that the fluoro- 
containing silicon oxide film 4A, which has Si-F bonding, is deposited on the silicon oxide film 2.During the 
deposition of the fluoro-containing silicon oxide film 4A, the hydrosilicofluoric acid solution is maintained at a 
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temperature of 35 DEG C so that the solubility of aluminum to 1 liter of hydrosilicofluoric acid solution is set at 
approximately 0.5 g/hour, thereby resulting in a fluoro-containing silicon oxide film deposition rate being in 
the range of 80 nanometers to 100 nanometers. 

As illustrated in FIG. 3C, only the first photo-resist pattern 3A having apertures, within which the fluoro- 
containing silicon oxide film 4A is formed, is removed by a peeling liquid so that first interconnection grooves 
5 A defined by the fluoro-containing silicon oxide film 4 A are formed. 

As illustrated in FIG. 3D, the substrate is introduced into a sputtering apparatus and then a vacuum of 1x10<- 
5> Pa is created. The substrate is subjected to an etching using an argon gas with a pressure of 0.7 Pa to 
remove a spontaneous oxide film from the surface of the substrate. A titanium film 6-1 with a thickness of 
approximately 50 nanometers is deposited on an entire surface of the device by a sputtering method. A 
titanium nitride film 7-1 with a thickness of approximately 100 nanometers is deposited on the titanium film 6- 
1 by a sputtering method. An aluminum film 8-1 with a thickness of 700 nanometers is formed on the titanium 
nitride film 7-1 by a chemical vapor deposition, wherein dimethylalminumhydride AIH(CH3)2 is vaporized by 
a hubbiing method with a carrier gas of hydrogen at a temperature of 30 DEG C and then introduced into a 
reaction chamber.The flow rate of hydrogen gas used in the hubbiing method is controlled at 250 seem. The 
pressure of the reaction chamber is maintained at 130 Pa. The temperature of the substrate is maintained at 
250 DEG C. The deposition rate of aluminum is approximately 0.4 micrometers/min. 

As illustrated in FIG. 3E, the aluminum film 8-1 , the titanium nitride film 7-1 and the titanium film 6-1 are 
selectively removed by a chemical/mechanical polishing to leave the aluminum film 8-1 , the titanium nitride 
film 7-1 and the titanium film 6-1 only within the first interconnection grooves 5A. As a result, the first 
interconnections, each of which comprises the aluminum film 8-1 , the titanium nitride film 7-1 and the 
titanium film 6-1 , are formed in the first interconnection grooves 5A. The polishing is carried out by using an 
acid polishing agent with a PH value of 2.5 where silicon oxide particles with a diameter of approximately 30 
nanometers are dispersed in a pure water. A rotational speed of a polishing pad is maintained at 50 times/ 
min. A rotational speed of a polishing head is also maintained at 50 times/min. The polishing agent is added 
at a rate of 75 cc/min.The polishing rate is approximately 0.4 micrometers/min. 

As illustrated in FIG. 3F, a silicon oxide base film 10 with a thickness of approximately 100 nanometers is 
formed on an entire surface of the device by a plasma chemical vapor deposition. A second photo-resisit film 
is applied on an entire surface of the silicon oxide base film 10 and then patterned to form a second photo- 
resist pattern 1 1 A which positioned over the aluminum film 8-1 within the first interconnection grooves. 

As illustrated in FIG. 3G, a second fluoro-containing silicon oxide film 12 with a thickness of 0.8 micrometers 
is grown on the silicon oxide base film 10 by using the second photo-resist pattern 1 1A as a mask. The 
growth of the fluoro-containing silicon oxide film 12 is achieved by a liquid phase growth which uses a super- 
saturated hydrosilicofluoric acid solution, wherein the hydrosilicofluoric acid in the solution is maintained in 
super-saturated state by immersing and dissolving an aluminum piece in an aqueous solution which includes 
a hydrosilicofluoric acid at a concentration of about 40% by weight. The reaction of hydrosilicofluoric acid with 
aluminum is expressed by the foregoing formulae (1 ) and (2).The reactions of hydrosilicofluoric acid with 
aluminum, which are expressed by the above formulae (1 ) and (2), are caused by adding aluminum into the 
hydrosilicofluoric acid solution. The chemical equilibrium expressed in the left hand term is broken, thereby 
resulting in an extraction of fluoro-containing silicon oxide so that the second fluoro-containing silicon oxide 
film 12, which has Si-F bonding, is deposited. During the deposition of the fluoro-containing silicon oxide film 
1 1, the hydrosilicofluoric acid solution is maintained at a temperature of 35 DEG C so that the solubility of 
aluminum to 1 liter of hydrosilicofluoric acid solution is set at approximately 0.5 g/hour, thereby resulting in a 
fluoro-containing silicon oxide film deposition rate being in the range of 80 nanometers to 100 nanometers. 
The second photo-resist pattern 1 1A, having apertures within which the fluoro-containing silicon oxide film 12 
is formed, is removed by a peeling liquid so that openings 14 are formed in the fluoro-containing silicon oxide 
film 12. 

As illustrated in FIG. 3H, the silicon oxide base film 10 under the openings 14 is selectively removed by a 
reactive dry etching which uses CF4 gas to form via holes 1 5A over the titanium films 8-1 within the first 
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interconnection grooves 5A. The reactive dry etching is carried out by using a parallel plate type apparatus 
usable for batch treatments. The flow rate of CF4 gas is maintained at 100 seem. The pressure of the 
reaction chamber is set at 10 Pa. The substrate temperature is maintained at 20 DEG C, A power of 1 kW 
with a frequency of 13.56MHz is applied. The etching rate of approximately 40 nanometers/min. is obtained. 
By the etch back process, the thickness of the fluoro-containing silicon oxide film 12 is reduced to 
approximately 0.65 micrometers. The fluoro-containing silicon oxide film 1 2 and the silicon oxide base film 1 0 
constitute a third insulator 13B. 

As illustrated in FIG. 31, a titanium film 6-2 with a thickness of 50 nanometers is deposited on an entire 
surface of the device by a sputtering method. A titanium nitride film 7-2 with a thickness of 100 nanometers is 
deposited on the titanium film 6-2 by a sputtering method. An aluminum film 8-2 with a thickness of 
approximately 0.7 micrometers is formed on the titanium nitride film 7-2 by a thermal chemical vapor phase 
deposition, wherein dimethylalminumhydride AIH(CH3)2 is vaporized by a bubbling method with a carrier gas 
of hydrogen at a temperature of 30 DEG C and then introduced into a reaction chamber. The flow rate of 
hydrogen gas used in the hubbling method is controlled at 250 seem. The pressure of the reaction chamber 
is maintained at 130 Pa. The temperature of the substrate is maintained at 250 DEG C. The deposition rate 
of aluminum is approximately 0.4 micrometers/min. 

As illustrated in FIG. 3J, the aluminum film 8-2, the titanium nitride film 7-2 and the titanium film 6-2 are 
selectively removed by a chemical/mechanical polishing to leave the aluminum film 8-2, the titanium nitride 
film 7-2 and the titanium film 6-2 only within the via holes 15A. As a result, the conductive films, each of 
which comprises the aluminum film 8-2, the titanium nitride film 7-2 and the titanium film 6-2, are formed in 
the via holes 1 5A. The polishing is carried out by using an acid polishing agent with a PH value of 2 .5 where 
silicon oxide particles with a diameter of approximately 30 nanometers are dispersed in a pure water. A 
rotational speed of a polishing pad is maintained at 50 times/min. A rotational speed of a polishing head is 
also maintained at 50 times/min. The polishing agent is added at a rate of 75 cc/min.The polishing rate is 
approximately 0.4 micrometers/min. 

As illustrated in FIG. 3K, a third photo-resisit film is applied on an entire surface of the device and then 
patterned to selectively form a third photo-resist pattern 17. A third fluoro-containing silicon oxide film 16A 
with a thickness of 0.8 micrometers is grown on the third fluoro-containing silicon oxide film by using the third 
photo-resist pattern 17 as a mask. The growth of the fluoro-containing silicon oxide film 16A is achieved by a 
liquid phase growth which uses a super-saturated hydrosilicofluoric acid solution, wherein the 
hydrosilicofluoric acid in the solution is maintained in super-saturated state by immersing and dissolving an 
aluminum piece in an aqueous solution which includes a hydrosilicofluoric acid at a concentration of about 
40% by weight. The reactions of hydrosilicofluoric acid with aluminum re expressed by the foregoing 
formulae (1 ) and (2).The reactions of hydrosilicofluoric acid with aluminum, which are expressed by the 
above formulae (1 ) and (2), are caused by adding aluminum into the hydrosilicofluoric acid solution. The 
chemical equilibrium expressed in the left hand term is broken, thereby resulting in an extraction of fluoro- 
containing silicon oxide so that the third fluoro-containing silicon oxide film 16A, which has Si-F bonding, is 
deposited. During the deposition of the fluoro-containing silicon oxide film 16A, the hydrosilicofluoric acid 
solution is maintained at a temperature of 35 DEG C so that the solubility of aluminum to 1 liter of 
hydrosilicofluoric acid solution is set at approximately 0.5 g/hour, thereby resulting in a fluoro-containing 
silicon oxide film deposition rate being in the range of 80 nanometers to 100 nanometers. 

As illustrated in FIG. 3L, the third photo-resist pattern 17, having apertures within which the fluoro-containing 
silicon oxide film 12 is formed, is removed by a peeling liquid so that third interconnection grooves 18A are 
formed in the third fluoro-containing silicon oxide film 16A. 

As illustrated in FIG. 3M, a titanium film 6-3 with a thickness of 50 nanometers is deposited on an entire 
surface of the device by a sputtering method. A titanium nitride film 7-3 with a thickness of 100 nanometers is 
deposited on the titanium film 6-3 by a sputtering method. An aluminum film 8-3 with a thickness of 
approximately 0.7 micrometers is formed on the titanium nitride film 7-3 by a thermal chemical vapor phase 
deposition, wherein dimethylalminumhydride AIH(CH3)2 is vaporized by a hubbling method with a carrier gas 
of hydrogen at a temperature of 30 DEG C and then introduced into a reaction chamber. The flow rate of 
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hydrogen gas used in the hubbling method is controlled at 250 seem. The pressure of the reaction chamber 
is maintained at 130 Pa. The temperature of the substrate is maintained at 250 DEG C. The deposition rate 
of aluminum is approximately 0.4 micrometers/min. 

As illustrated in FIG. 3N, the aluminum film 8-3, the titanium nitride film 7-3 and the titanium film 6-3 are 
selectively removed by a chemical/mechanical polishing to leave the aluminum film 8-3, the titanium nitride 
film 7-3 and the titanium film 6-3 only within the third interconnection grooves 18A. As a result, the second 
interconnections 9-3a, each of which comprises the aluminum film 8-3, the titanium nitride film 7-3 and the 
titanium film 6-3, are formed in the second interconnection grooves 5A. The polishing is carried out by using 
an acid polishing agent with a PH value of 2.5 where silicon oxide particles with a diameter of approximately 
30 nanometers are dispersed in a pure water. A rotational speed of a polishing pad is maintained at 50 times/ 
min. A rotational speed of a polishing head is also maintained at 50 times/min. The polishing agent is added 
at a rate of 75 cc/min. The polishing rate is approximately 0.4 micrometers/min. 

The two level interconnection structure is fabricated. The surface of the inter-layer insulator between the two 
level interconnection layers are leveled. A sample is formed by use of the above teclmique, wherein ten 
thousand via holes are connected in series to each other. A diameter of the via holes is 0.6 micrometers. 
Each via hole has a resistance of approximately 0.3 OMEGA . The yield is 95%. 

According to the above method, the silicon oxide base film is formed to cover the first interconnections 
before the surface of the device is exposed to the super-saturated hydro-silicofluoric acid solution so that the 
first interconnections are free from any corrosion caused by the super-saturated hydro-silicofluoric acid 
solution. The conductive film within the via holes are also free from any corrosion caused by the super- 
saturated hydro-silicofluoric acid solution as being covered with the photo-resist film. The combination of the 
chemical/mechanical polishing and subsequent liquid phase growth allows the inter-layer insulator to have a 
level surface. 

A second embodiment according to the present invention will be described with reference to FIGS. 4A-4J, 
wherein a novel method for forming multilevel interconnections in a semiconductor device is provided. 

As illustrated in FIG. 4A, a first insulating film 2, being made of silicon oxide and having a thickness of 1 
micrometer, is formed as a first insulator on a silicon substrate 1 by a plasma chemical vapor deposition 
method. A photo-resist is applied on the silicon oxide film 2 and then patterned by photo-lithography to form a 
photo-resist pattern 3A on the first insulating film 2. 

As illustrated in FIG. 4B, a second insulating film 4A, being made of fluoro-containing silicon oxide and 
having a thickness of 0.8 micrometers, is grown on the first insulating film 2 by using the photo-resist pattern 
3A as a mask. The growth of the fluoro-containing silicon oxide film 4A is achieved by a liquid phase growth 
which uses a super-saturated hydrosilicofluoric acid solution, wherein the hydrosilicofluoric acid in the 
solution is maintained in super-saturated state by immersing and dissolving an aluminum piece in an 
aqueous solution which includes a hydrosilicofluoric acid at a concentration of about 40% by weight. The 
reaction of hydrosilicofluoric acid with aluminum is expressed by the following formulae. <CHR NUM="(1 ) 
">H2SiF6 + 2H20 -> 6HF + IS02 <CHR NUM="(2)">AI<3+> + 3HF -> AIF3 + 3H<+> 

The above matter is disclosed in the Japanese laid-open patent application No. 62-20876. The reaction of 
hydrosilicofluoric acid with aluminum, which is expressed by the above formulae (1 ) and (2), is caused by 
adding aluminum into the hydrosilicofluoric acid solution. The chemical equilibrium expressed in the left hand 
term is broken, thereby resulting in an extraction of fluoro-containing silicon oxide so that the fluoro- 
containing silicon oxide film 4A, which has Si-F bonding, is deposited on the silicon oxide film 2.During the 
deposition of the fluoro-containing silicon oxide film 4A, the hydrosilicofluoric acid solution is maintained at a 
temperature of 35 DEG C so that the solubility of aluminum to 1 liter of hydrosilicofluoric acid solution is set at 
approximately 0.5 g/hour, thereby resulting in a fluoro-containing silicon oxide film deposition rate being in 
the range of 80 nanometers to 100 nanometers. 
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As illustrated in FIG. 4C, only the first photo-resist pattern 3A having apertures, within which the fluoro- 
containing silicon oxide film 4A is formed, is removed by a peeling liquid so that first interconnection grooves 
5A defined by the fluoro-containing silicon oxide film 4A arefonned. 

As illustrated in FIG. 4D, the substrate is introduced into a sputtering apparatus and then a vacuum of 1 x 
10<-5> Pa is created. The substrate is subjected to an etching using an argon gas with a pressure of 0.7 Pa 
to remove a spontaneous oxide film from the surface of the substrate. A titanium film 6-1 with a thickness of 
approximately 50 nanometers is deposited on an entire surface of the device by a sputtering method. A 
titanium nitride film 7-1 with a thickness of approximately 100 nanometers is deposited on the titanium film 6- 
1 by a sputtering method. A1h aluminum film 8-1 with a thickness of 700 nanometers is formed on the 
titanium nitride film 7-1 by a chemical vapor deposition, wherein dimethylalminumhydride AIH(CH3)2 is 
vaporized by a hubbling method with a carrier gas of hydrogen at a temperature of 30 DEG C and then 
introduced into a reaction chamber.The flow rate of hydrogen gas used in the hubbling method is controlled 
at 250 seem. The pressure of the reaction chamber is maintained at 130 Pa. The temperature of the 
substrate is maintained at 250 DEG C, The deposition rate of aluminum is approximately 0.4 micrometers/ 
min, 

As illustrated in FIG. 4E, the aluminum film 8-1 , the titanium nitride film 7-1 and the titanium film 6-1 are 
selectively removed by a chemical/mechanical polishing to leave the aluminum film 8-1 , the titanium nitride 
film 7-1 and the titanium film 6-1 only within the first interconnection grooves 5A. As a result, the first 
interconnections, each of which comprises the aluminum film 8-1 , the titanium nitride film 7-1 and the 
titanium film 6-1 , are formed in the first interconnection grooves 5A. The polishing is carried out by using an 
acid polishing agent with a PH value of 2.5 where silicon oxide particles with a diameter of approximately 30 
nanometers are dispersed in a pure water. A rotational speed of a polishing pad is maintained at 50 times/ 
min. A rotational speed of a polishing head is also maintained at 50 times/min. The polishing agent is added 
at a rate of 75 cc/min.The polishing rate is approximately 0.4 micrometers/min. 

As illustrated in FIG. 4F, a silicon oxide base film 10 with a thickness of approximately 100 nanometers is 
formed on an entire surface of the device by a plasma chemical vapor deposition. A second photo-resisit film 
is applied on an entire surface of the silicon oxide base film 10 and then patterned to form a second photo- 
resist pattern 1 1 A which positioned over the aluminum film 8-1 within the first interconnection grooves. 

As illustrated in FIG. 4G, a second fluoro-containing silicon oxide film 12 with a thickness of 0.8 micrometers 
is grown on the silicon oxide base film 10 by using the second photo-resist pattern 1 1 A as a mask. The 
growth of the fluoro-containing silicon oxide film 12 is achieved by a liquid phase growth which uses a super- 
saturated hydrosilicofluoric acid solution, wherein the hydrosilicofluoric acid in the solution is maintained in 
super-saturated state by immersing and dissolving an aluminum piece in an aqueous solution which includes 
a hydrosilicofluoric acid at a concentration of about 40% by weight. The reaction of hydrosilicofluoric acid with 
aluminum is expressed by the foregoing formulae (1 ) and (2).The reactions of hydrosilicofluoric acid with 
aluminum, which are expressed by the above formulae (1 ) and (2), are caused by adding aluminum into the 
hydrosilicofluoric acid solution. The chemical equilibrium expressed in the left hand term is broken, thereby 
resulting in an extraction of fluoro-containing silicon oxide so that the second fluoro-containing silicon oxide 
film 12, which has Si-F bonding, is deposited. During the deposition of the fluoro-containing silicon oxide film 
1 1 , the hydrosilicofluoric acid solution is maintained at a temperature of 35 DEG C so that the solubility of 
aluminum to 1 liter of hydrosilicofluoric acid solution is set at approximately 0.5 g/hour, thereby resulting in a 
fluoro-containing silicon oxide film deposition rate being in the range of 80 nanometers to 100 
nanometers.The second photo-resist pattern 11 A, having apertures within which the fluoro-containing silicon 
oxide film 12 is formed, is removed by a peeling liquid so that openings 14 are formed in the fluoro-containing 
silicon oxide film 12. 

As illustrated in FIG. 4H, the silicon oxide base film 10 under the openings 14 is selectively removed by a 
reactive dry etching which uses CF4 gas to form via holes 15A over the titanium films 8-1 within the first 
interconnection grooves 5A. The reactive dry etching is carried out by using a parallel plate type apparatus 
usable for batch treatments. The flow rate of CF4 gas is maintained at 100 seem. The pressure of the 
reaction chamber is set at 10 Pa. The substrate temperature is maintained at 20 DEG C. A power of 1 kW 
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with a frequency of 13.56MHz is applied. The etching rate of approximately 40 nanometers/min. is obtained. 
By the etch back process, the thickness of the fluoro-containing silicon oxide film 12 is reduced to 
approximately 0.65 micrometers. The fluoro-containing silicon oxide film 12 and the silicon oxide base film 10 
constitute a third insulator 13B. 

As illustrated in FIG. 41, a tungsten film 19 with a thickness of approximately 0.8 micrometers is selectively 
formed within the via holes 51 A by a heat chemical vapor phase growth, in which WF6 gas and SiH4 gas are 
used. The respective flow rates of WF6 gas and SiH4 gas are set at 20 seem and 12 seem. The substrate 
temperature is maintained at 270 DEG C. The pressure of the reaction chamber is set at 4Pa. The deposition 
rate is 0.6 micrometers/min. 

As illustrated in FIG. 4J, a third photo-resisit film is applied on an entire surface of the device and then 
patterned to selectively form a third photo-resist pattern, which is not illustrated and covers the tungsten film 
19. A third fluoro-containing silicon oxide film 16A with a thickness of 0.8 micrometers is grown on the third 
fluoro-containing silicon oxide film by using the third photo-resist pattern as a mask. The growth of the fluoro- 
containing silicon oxide film 16A is achieved by a liquid phase growth which uses a super-saturated 
hydrosilicofluoric acid solution, wherein the hydrosilicofluoric acid in the solution is maintained in super- 
saturated state by immersing and dissolving an aluminum piece in an aqueous solution which includes a 
hydrosilicofluoric acid at a concentration of about 40% by weight.The reactions of hydrosilicofluoric acid with 
aluminum re expressed by the foregoing formulae (1 ) and (2). The reactions of hydrosilicofluoric acid with 
aluminum, which are expressed by the above formulae (1 ) and (2), are caused by adding aluminum into the 
hydrosilicofluoric acid solution. The chemical equilibrium expressed in the left hand term is broken, thereby 
resulting in an extraction of fluoro-containing silicon oxide so that the third fluoro-containing silicon oxide film 
16A, which has Si-F bonding, is deposited.During the deposition of the fluoro-containing silicon oxide film 
16A, the hydrosilicofluoric acid solution is maintained at a temperature of 35 DEG C so that the solubility of 
aluminum to 1 liter of hydrosilicofluoric acid solution is set at approximately 0.5 g/hour, thereby resulting in a 
fluoro-containing silicon oxide film deposition rate being in the range of 80 nanometers to 100 nanometers. 

Subsequently, the third photo-resist pattern 17, having apertures within which the fluoro-containing silicon 
oxide film 12 is formed, is removed by a peeling liquid so that third interconnection grooves 18A are formed 
in the third fluoro-containing silicon oxide film 16A. 

A titanium film 6-3 with a thickness of 50 nanometers is deposited on an entire surface of the device by a 
sputtering method. A titanium nitride film 7-3 with a thickness of 100 nanometers is deposited on the titanium 
film 6-3 by a sputtering method. An aluminum film 8-3 with a thickness of approximately 0.7 micrometers is 
formed on the titanium nitride film 7-3 by a thermal chemical vapor phase deposition, wherein 
dimethylalminumhydride AIH(CH3)2 is vaporized by a hubbling method with a carrier gas of hydrogen at a 
temperature of 30 DEG C and then introduced into a reaction chamber. The flow rate of hydrogen gas used 
in the hubbling method is controlled at 250 seem. The pressure of the reaction chamber is maintained at 130 
Pa. The temperature of the substrate is maintained at 250 DEG C. The deposition rate of aluminum is 
approximately 0.4 micrometers/min. 

The aluminum film 8-3, the titanium nitride film 7-3 and the titanium film 6-3 are selectively removed by a 
chemical/mechanical polishing to leave the aluminum film 8-3, the titanium nitride film 7-3 and the titanium 
film 6-3 only within the third interconnection grooves 18A. As a result, the second interconnections 9-3a, 
each of which comprises the aluminum film 8-3, the titanium nitride film 7-3 and the titanium film 6-3 , are 
formed in the second interconnection grooves 5A. The polishing is carried out by using an acid polishing 
agent with a pH value of 2.5 where silicon oxide particles with a diameter of approximately 30 nanometers 
are dispersed in a pure water. A rotational speed of a polishing pad is maintained at 50 times/min. A 
rotational speed of a polishing head is also maintained at 50 times/min. The polishing agent is added at a 
rate of 75 cc/min. The polishing rate is approximately 0.4 micrometers/min. 
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The two level interconnection structure is fabricated. The surface of the inter-layer insulator between the two 
level interconnection layers are leveled. A sample is formed by use of the above technique, wherein ten 
thousand via holes are connected in series to each other. A diameter of the via holes is 0.6 micrometers. 
Each via hole has a resistance of approximately 0.8 OMEGA . The yield is over 93%. 

According to the above method, the silicon oxide base film is formed to cover the first interconnections 
before the surface of the device is exposed to the super-saturated hydro-silicofluoric acid solution so that the 
first interconnections are free from any corrosion caused by the super-saturated hydro-silicofluoric acid 
solution. The tungsten film within the via holes are also free from any corrosion caused by the super- 
saturated hydro-silicofluoric acid solution as being covered with the photo-resist film. The combination of the 
chemical/mechanical polishing and subsequent liquid phase growth allows the inter-layer insulator to have a 
level surface. 

A third embodiment according to the present invention will be described with reference to FIGS. 5A-5K, 
wherein a novel method for forming multilevel interconnections in a semiconductor device is provided. 

As illustrated in FIG. 5A, a first insulating film 2, being made of silicon oxide and having a thickness of 1 
micrometer, is formed as a first insulator on a silicon substrate 1 by a plasma chemical vapor deposition 
method. A photo-resist is applied on the silicon oxide film 2 and then patterned by photo-lithography to form a 
photo-resist pattern 3A on the first insulating film 2. 

As illustrated in FIG. 5B, a second insulating film 4A, being made of fluoro-containing silicon oxide and 
having a thickness of 0.8 micrometers, is grown on the first insulating film 2 by using the photo-resist pattern 
3A as a mask. The growth of the fluoro-containing silicon oxide film 4A is achieved by a liquid phase growth 
which uses a super-saturated hydrosilicofluoric acid solution, wherein the hydrosilicofluoric acid in the 
solution is maintained in super-saturated state by immersing and dissolving an aluminum piece in an 
aqueous solution which includes a hydrosilicofluoric acid at a concentration of about 40% by weight. The 
reaction of hydrosilicofluoric acid with aluminum is expressed by the following formulae. <CHR NUM="(1 ) 
">H2SiF6 + 2H20 -> 6HF + IS02 <CHR NUM="(2) n >AI<3+> + 3HF -> AIF3 + 3H<+> 

The above matter is disclosed in the Japanese laid-open patent application No. 62-20876. The reaction of 
hydrosilicofluoric acid with aluminum, which is expressed by the above formulae (1) and (2), is caused by 
adding aluminum into the hydrosilicofluoric acid solution. The chemical equilibrium expressed in the left hand 
term is broken, thereby resulting in an extraction of fluoro-containing silicon oxide so that the fluoro- 
containing silicon oxide film 4 A, which has Si-F bonding, is deposited on the silicon oxide film 2.During the 
deposition of the fluoro-containing silicon oxide film 4A, the hydrosilicofluoric acid solution is maintained at a 
temperature of 35 DEG C so that the solubility of aluminum to 1 liter of hydrosilicofluoric acid solution is set at 
approximately 0.5 g/hour, thereby resulting in a fluoro-containing silicon oxide film deposition rate being in 
the range of 80 nanometers to 100 nanometers. 

As illustrated in FIG. 5C, only the first photo-resist pattern 3A having apertures, within which the fluoro- 
containing silicon oxide film 4A is formed, is removed by a peeling liquid so that first interconnection grooves 
5A defined by the fluoro-containing silicon oxide film 4A are formed. 

As illustrated in FIG. 5D, the substrate is introduced into a sputtering apparatus and then a vacuum of 1 x 
10<-5> Pa is created. The substrate is subjected to an etching using an argon gas with a pressure of 0.7 Pa 
to remove a spontaneous oxide film from the surface of the substrate. A titanium film 6-1 with a thickness of 
approximately 50 nanometers is deposited on an entire surface of the device by a sputtering method. A 
titanium nitride film 7-1 with a thickness of approximately 100 nanometers is deposited on the titanium film 6- 
1 by a sputtering method. An aluminum film 8-1 with a thickness of 700 nanometers is formed on the titanium 
nitride film 7-1 by a chemical vapor deposition, wherein dimethylalminumhydride AIH(CH3)2 is vaporized by 
a bubbling method with a carrier gas of hydrogen at a temperature of 30 DEG C and then introduced into a 
reaction chamber.The flow rate of hydrogen gas used in the hubbling method is controlled at 250 seem. The 
pressure of the reaction chamber is maintained at 130 Pa. The temperature of the substrate is maintained at 
250 DEG C, The deposition rate of aluminum is approximately 0.4 micrometers/min. 



http://v3xspacenet.com/textdes?DB=EPODOC&IDX=EP0724292&F=0&... 07/19/2006 05:33:46 PM 



esp@cenet description view 



Page 12 



\ 



As illustrated in FIG. 5E, the aluminum film 8-1 , the titanium nitride film 7-1 and the titanium film 6-1 are 
selectively removed by a chemical/mechanical polishing to leave the aluminum film 8-1 , the titanium nitride 
film 7-1 and the titanium film 6-1 only within the first interconnection grooves 5A. As a result, the first 
interconnections, each of which comprises the aluminum film 8-1 , the titanium nitride film 7-1 and the 
titanium film 6-1 , are formed in the first interconnection grooves 5A. The polishing is carried out by using an 
acid polishing agent with a pH value of 2.5 where silicon oxide particles with a diameter of approximately 30 
nanometers are dispersed in a pure water. A rotational speed of a polishing pad is maintained at 50 times/ 
min. A rotational speed of a polishing head is also maintained at 50 times/min. The polishing agent is added 
at a rate of 75 cc/min.The polishing rate is approximately 0.4 micrometers/min. 

As illustrated in FIG. 5F, a second photo-resisit film is applied on an entire surface of the silicon oxide base 
film 10 and then patterned to form a second photo-resist pattern 1 1A which positioned over the aluminum film 
8-1 within the first interconnection grooves. 

As illustrated in FIG. 5G, a second fluoro-containing silicon oxide film 12 with a thickness of 0.8 micrometers 
is grown on the silicon oxide base film 10 by using the second photo-resist pattern 1 1A as a mask. The 
growth of the fluoro-containing silicon oxide film 12 is achieved by a liquid phase growth which uses a super- 
saturated hydrosilicofluoric acid solution, wherein the hydrosilicofluoric acid in the solution is maintained in 
super-saturated state by immersing and dissolving an aluminum piece in an aqueous solution which includes 
a hydrosilicofluoric acid at a concentration of about 40% by weight. The reaction of hydrosilicofluoric acid with 
aluminum is expressed by the foregoing formulae (1 ) and (2).The reactions of hydrosilicofluoric acid with 
aluminum, which are expressed by the above formulae (1 ) and (2), are caused by adding aluminum into the 
hydrosilicofluoric acid solution. The chemical equilibrium expressed in the left hand term is broken, thereby 
resulting in an extraction of fluoro-containing silicon oxide so that the second fluoro-containing silicon oxide 
film 12, which has Si-F bonding, is deposited. During the deposition of the fluoro-containing silicon oxide film 
1 1 , the hydrosilicofluoric acid solution is maintained at a temperature of 35 DEG C so that the solubility of 
aluminum to 1 liter of hydrosilicofluoric acid solution is set at approximately 0.5 g/hour, thereby resulting in a 
fluoro-containing silicon oxide film deposition rate being in the range of 80 nanometers to 100 
nanometers.The second photo-resist pattern 1 1 A, having apertures within which the fluoro-containing silicon 
oxide film 12 is formed, is removed by a peeling liquid so that openings 14 are formed in the fluoro-containing 
silicon oxide film 12. 

As illustrated in FIG. 5H, a silicon oxide film 13C with a thickness of 0.8 micrometers is formed on an entire 
surface of the device by a plasma chemical vapor phase growth. Via holes 15B are formed in the silicon 
oxide film 13C by a photo-lithography and a subsequent selective reactive ion-etching which uses a CHF3 
gas. 

As illustrated in FIG. 51, a titanium film 6-2 with a thickness of 50 nanometers is deposited on an entire 
surface of the device by a sputtering method. A titanium nitride film 7-2 with a thickness of 100 nanometers is 
deposited on the titanium film 6-2 by a sputtering method. A tungsten film 19A with a thickness of 
approximately 0.7 micrometers is formed on the titanium nitride film 7-2 by a thermal chemical vapor phase 
deposition. WF6 gas and H2 gas are used. The flow rates of WF6 gas and H2 gas are respectively controlled 
at 100 seem and 1 slm. The pressure of the reaction chamber is maintained at 6600 Pa. The temperature of 
the substrate is maintained at 400 DEG C. The deposition rate of tungsten is approximately 0.3 micrometers/ 
min. 

As illustrated in FIG. 5J, the tungsten film 1 9-A, the titanium nitride film 7-2 and the titanium film 6-2 are 
selectively removed by a chemical/mechanical polishing to leave the tungsten film 19-A, the titanium nitride 
film 7-2 and the titanium film 6-2 only within the via holes 1 5B. As a result, the conductive films, each of 
which comprises the tungsten film 19-A, the titanium nitride film 7-2 and the titanium film 6-2, are formed in 
the via holes 15B. The polishing is carried out by using an acid polishing agent with a pH value of 2.5 where 
silicon oxide particles with a diameter of approximately 30 nanometers are dispersed in a pure water. A 
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rotational speed of a polishing pad is maintained at 50 times/min. A rotational speed of a polishing head is 
also maintained at 50 times/min. The polishing agent is added at a rate of 75 cc/min.The polishing rate is 
approximately 0.3 micrometers/min. 

As illustrated in FIG. 5K, a third photo-resisit film is applied on an entire surface of the device and then 
patterned to selectively form a third photo-resist pattern 17. A third fluoro-containing silicon oxide film 16A 
with a thickness of 0.8 micrometers is grown on the third fluoro-containing silicon oxide film by using the third 
photo-resist pattern 1 7 as a mask. The growth of the fluoro-containing silicon oxide film 1 6A is achieved by a 
liquid phase growth which uses a super-saturated hydrosilicofluoric acid solution, wherein the 
hydrosilicofluoric acid in the solution is maintained in super-saturated state by immersing and dissolving an 
aluminum piece in an aqueous solution which includes a hydrosilicofluoric acid at a concentration of about 
40% by weight. The reactions of hydrosilicofluoric acid with aluminum re expressed by the foregoing 
formulae (1 ) and (2).The reactions of hydrosilicofluoric acid with aluminum, which are expressed by the 
above formulae (1 ) and (2), are caused by adding aluminum into the hydrosilicofluoric acid solution. The 
chemical equilibrium expressed in the left hand term is broken, thereby resulting in an extraction of fluoro- 
containing silicon oxide so that the third fluoro-containing silicon oxide film 16A, which has Si-F bonding, is 
deposited. During the deposition of the fluoro-containing silicon oxide film 16A, the hydrosilicofluoric acid 
solution is maintained at a temperature of 35 DEG C so that the solubility of aluminum to 1 liter of 
hydrosilicofluoric acid solution is set at approximately 0.5 g/hour, thereby resulting in a fluoro-containing 
silicon oxide film deposition rate being in the range of 80 nanometers to 100 nanometers. 

The third photo-resist pattern, having apertures within which the fluoro-containing silicon oxide film 12 is 
formed, is removed by a peeling liquid so that third interconnection grooves 18A are formed in the third 
fluoro-containing silicon oxide film 16A. A titanium film 6-3 with a thickness of 50 nanometers is deposited on 
an entire surface of the device by a sputtering method. A titanium nitride film 7-3 with a thickness of 100 
nanometers is deposited on the titanium film 6-3 by a sputtering method. An aluminum film 8-3 with a 
thickness of approximately 0.7 micrometers is formed on the titanium nitride film 7-3 by a thermal chemical 
vapor phase deposition, wherein dimethylalminumhydride AIH(CH3)2 is vaporized by a hubbling method with 
a carrier gas of hydrogen at a temperature of 30 DEG C and then introduced into a reaction chamber. The 
flow rate of hydrogen gas used in the hubbling method is controlled at 250 seem. The pressure of the reaction 
chamber is maintained at 130 Pa. The temperature of the substrate is maintained at 250 DEG C. The 
deposition rate of aluminum is approximately 0.4 micrometers/min. The aluminum film 8-3, the titanium 
nitride film 7-3 and the titanium film 6-3 are selectively removed by a chemical/mechanical polishing to leave 
the aluminum film 8-3, the titanium nitride film 7-3 and the titanium film 6-3 only within the third 
interconnection grooves 18A. As a result, the second interconnections 9-3a, each of which comprises the 
aluminum film 8-3, the titanium nitride film 7-3 and the titanium film 6-3, are formed in the second 
interconnection grooves 5A.The polishing is carried out by using an acid polishing agent with a pH value of 
2.5 where silicon oxide particles with a diameter of approximately 30 nanometers are dispersed in a pure 
water. A rotational speed of a polishing pad is maintained at 50 times/min. A rotational speed of a polishing 
head is also maintained at 50 times/min. The polishing agent is added at a rate of 75 cc/min. The polishing 
rate is approximately 0.4 micrometers/min. 

The two level interconnection structure is fabricated. The surface of the inter-layer insulator between the two 
level interconnection layers are leveled. A sample is formed by use of the above technique, wherein ten 
thousand via holes are connected in series to each other. A diameter of the via holes is 0.6 micrometers. 
Each via hole has a resistance of approximately 0.7 OMEGA . The yield is 95%. 

According to the above method, the silicon oxide base film is formed to cover the first interconnections 
before the surface of the device is exposed to the super-saturated hydro-silicofluoric acid solution so that the 
first interconnections are free from any corrosion caused by the super-saturated hydro-silicofluoric acid 
solution. The conductive film within the via holes are also free from any corrosion caused by the super- 
saturated hydro-silicofluoric acid solution as being covered with the photo-resist film. The combination of the 
chemical/mechanical polishing and subsequent liquid phase growth allows the inter-layer insulator to have a 
level surface. 
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A fourth embodiment according to the present invention will be described with reference to FIGS. 6A-5H, 
wherein a novel method for forming multilevel interconnections in a semiconductor device is provided. 

As illustrated in FIG. 6A, a first insulating film 2, being made of silicon oxide and having a thickness of 1 
micrometer, is formed as a first insulator on a silicon substrate 1 by a plasma chemical vapor deposition 
method. A photo-resist is applied on the silicon oxide film 2 and then patterned by photo-lithography to form a 
photo-resist pattern 3 A on the first insulating film 2. 

As illustrated in FIG. 6B, a second insulating film 4A, being made of fluoro-containing silicon oxide and 
having a thickness of 0.8 micrometers, is grown on the first insulating film 2 by using the photo-resist pattern 
3A as a mask. The growth of the fluoro-containing silicon oxide film 4A is achieved by a liquid phase growth 
which uses a super-saturated hydrosilicofluoric acid solution, wherein the hydrosilicofluoric acid in the 
solution is maintained in super-saturated state by immersing and dissolving an aluminum piece in an 
aqueous solution which includes a hydrosilicofluoric acid at a concentration of about 40% by weight. The 
reaction of hydrosilicofluoric acid with aluminum is expressed by the following formulae. <CHR NUM="(1 ) 
">H2SiF6 + 2H20 -> 6HF + IS02 <CHR NUM="(2)">AI<3+> + 3HF -> AIF3 + 3H<+> 

The above matter is disclosed in the Japanese laid-open patent application No. 62-20876. The reaction of 
hydrosilicofluoric acid with aluminum, which is expressed by the above formulae (1) and (2), is caused by 
adding aluminum into the hydrosilicofluoric acid solution. The chemical equilibrium expressed in the left hand 
term is broken, thereby resulting in an extraction of fluoro-containing silicon oxide so that the fluoro- 
containing silicon oxide film 4A, which has Si-F bonding, is deposited on the silicon oxide film 2.During the 
deposition of the fluoro-containing silicon oxide film 4A, the hydrosilicofluoric acid solution is maintained at a 
temperature of 35 DEG C so that the solubility of aluminum to 1 liter of hydrosilicofluoric acid solution is set at 
approximately 0.5 g/hour, thereby resulting in a fluoro-containing silicon oxide film deposition rate being in 
the range of 80 nanometers to 1 00 nanometers. 

As illustrated in FIG. 6C, only the first photo-resist pattern 3A having apertures, within which the fluoro- 
containing silicon oxide film 4A is formed, is removed by a peeling liquid so that first interconnection grooves 
5A defined by the fluoro-containing silicon oxide film 4 A are formed. 

As illustrated in FIG. 6D, the substrate is introduced into a sputtering apparatus and then a vacuum of 1 x 
10<-5> Pa is created. The substrate is subjected to an etching using an argon gas with a pressure of 0.7 Pa 
to remove a spontaneous oxide film from the surface of the substrate. A titanium film 6-1 with a thickness of 
approximately 50 nanometers is deposited on an entire surface of the device by a sputtering method. A 
titanium nitride film 7-1 with a thickness of approximately 100 nanometers is deposited on the titanium film 6- 
1 by a sputtering method. An aluminum film 8-1 with a thickness of 700 nanometers is formed on the titanium 
nitride film 7-1 by a chemical vapor deposition, wherein dimethylalminumhydride AIH(CH3)2 is vaporized by 
a hubbling method with a carrier gas of hydrogen at a temperature of 30 DEG C and then introduced into a 
reaction chamber.The flow rate of hydrogen gas used in the hubbling method is controlled at 250 seem. The 
pressure of the reaction chamber is maintained at 130 Pa. The temperature of the substrate is maintained at 
250 DEG C. The deposition rate of aluminum is approximately 0.4 micrometers/min. 

As illustrated in FIG. 6E, the aluminum film 8-1 , the titanium nitride film 7-1 and the titanium film 6-1 are 
selectively removed by a chemical/mechanical polishing to leave the aluminum film 8-1 , the titanium nitride 
film 7-1 and the titanium film 6-1 only within the first interconnection grooves 5A. As a result, the first 
interconnections, each of which comprises the aluminum film 8-1 , the titanium nitride film 7-1 and the 
titanium film 6-1 , are formed in the first interconnection grooves 5A. The polishing is carried out by using an 
acid polishing agent with a pH value of 2.5 where silicon oxide particles with a diameter of approximately 30 
nanometers are dispersed in a pure water. A rotational speed of a polishing pad is maintained at 50 times/ 
min. A rotational speed of a polishing head is also maintained at 50 times/min. The polishing agent is added 
at a rate of 75 cc/min. The polishing rate is approximately 0.4 micrometers/min. 

As illustrated in FIG. 6F, a second photo-resisit film, which is not illustrated, is applied on an entire surface of 
the device and then patterned to form a second photo-resist pattern which is not illustrated and positioned 
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over the aluminum film 8-1 within the first interconnection grooves. An inter-layer insulator 13C with a 
thickness of 0.8 micrometers is fonned by using a plasma chemical vapor deposition method where the 
second photo-resist pattern is used as a mask. The second photo-resist pattern, having apertures within 
which the fluoro-containing silicon oxide film 13C is formed, is removed by a peeling liquid so that via holes 
15B are formed in the fluoro-containing silicon oxide film 12. 

As illustrated in FIG. 6G, a tungsten film 1 9 with a thickness of approximately 0.8 micrometers is selectively 
formed within the via holes 51 B by a heat chemical vapor phase growth, in which WF6 gas and SiH4 gas are 
used. The respective flow rates of WF6 gas and SiH4 gas are set at 20 seem and 12 seem. The substrate 
temperature is maintained at 270 DEG C. The pressure of the reaction chamber is set at 4Pa. The deposition 
rate is 0.6 micrometers/min. 

As illustrated in FIG. 6H, a third photo-resisit film is applied on an entire surface of the device and then 
patterned to selectively form a third photo-resist pattern, which is not illustrated and covers the tungsten film 
19. A third fluoro-containing silicon oxide film 16A with a thickness of 0.8 micrometers is grown on the third 
fluoro-containing silicon oxide film by using the third photo-resist pattern as a mask. The growth of the fluoro- 
containing silicon oxide film 16A is achieved by a liquid phase growth which uses a super-saturated 
hydrosilicofluoric acid solution, wherein the hydrosilicofluoric acid in the solution is maintained in super- 
saturated state by immersing and dissolving an aluminum piece in an aqueous solution which includes a 
hydrosilicofluoric acid at a concentration of about 40% by weight.The reactions of hydrosilicofluoric acid with 
aluminum re expressed by the foregoing formulae (1 ) and (2). The reactions of hydrosilicofluoric acid with 
aluminum, which are expressed by the above formulae (1 ) and (2), are caused by adding aluminum into the 
hydrosilicofluoric acid solution. The chemical equilibrium expressed in the left hand term is broken, thereby 
resulting in an extraction of fluoro-containing silicon oxide so that the third fluoro-containing silicon oxide film 
16A, which has Si-F bonding, is deposited.During the deposition of the fluoro-containing silicon oxide film 
1 6A, the hydrosilicofluoric acid solution is maintained at a temperature of 35 DEG C so that the solubility of 
aluminum to 1 liter of hydrosilicofluoric acid solution is set at approximately 0.5 g/hour, thereby resulting in a 
fluoro-containing silicon oxide film deposition rate being in the range of 80 nanometers to 100 nanometers. 

Subsequently, the third photo-resist pattern, having apertures within which the fluoro-containing silicon oxide 
film 1 2 is formed, is removed by a peeling liquid so that third interconnection grooves 1 8A are fonned in the 
third fluoro-containing silicon oxide film 16A. 

A titanium film 6-3 with a thickness of 50 nanometers is deposited on an entire surface of the device by a 
sputtering method. A titanium nitride film 7-3 with a thickness of 100 nanometers is deposited on the titanium 
film 6-3 by a sputtering method. An aluminum film 8-3 with a thickness of approximately 0.7 micrometers is 
formed on the titanium nitride film 7-3 by a thermal chemical vapor phase deposition, wherein 
dimethylalminumhydride AIH(CH3)2 is vaporized by a hubbling method with a carrier gas of hydrogen at a 
temperature of 30 DEG C and then introduced into a reaction chamber. The flow rate of hydrogen gas used 
in the hubbling method is controlled at 250 seem. The pressure of the reaction chamber is maintained at 130 
Pa. The temperature of the substrate is maintained at 250 DEG C. The deposition rate of aluminum is 
approximately 0.4 micrometers/min. 

The aluminum film 8-3, the titanium nitride film 7-3 and the titanium film 6-3 are selectively removed by a 
chemical/mechanical polishing to leave the aluminum film 8-3, the titanium nitride film 7-3 and the titanium 
film 6-3 only within the third interconnection grooves 18A. As a result, the second interconnections 9-3a, 
each of which comprises the aluminum film 8-3, the titanium nitride film 7-3 and the titanium film 6-3, are 
formed in the second interconnection grooves 5A. The polishing is carried out by using an acid polishing 
agent with a pH value of 2.5 where silicon oxide particles with a diameter of approximately 30 nanometers 
are dispersed in a pure water. A rotational speed of a polishing pad is maintained at 50 times/min. A 
rotational speed of a polishing head is also maintained at 50 times/min. The polishing agent is added at a 
rate of 75 cc/min.The polishing rate is approximately 0.4 micrometers/min. 
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The two level interconnection structure is fabricated. The surface of the inter-layer insulator between the two 
level interconnection layers are leveled. A sample is formed by use of the above technique, wherein ten 
thousand via holes are connected in series to each other. A diameter of the via holes is 0.6 micrometers. 
Each via hole has a resistance of approximately 0.8 OMEGA . The yield is over 93%. 

According to the above method, the silicon oxide base film is formed to cover the first interconnections 
before the surface of the device is exposed to the super-saturated hydro-silicofluoric acid solution so that the 
first interconnections are free from any corrosion caused by the super-saturated hydro-silicofluoric acid 
solution. The tungsten film within the via holes are also free from any corrosion caused by the super- 
saturated hydro-silicofluoric acid solution as being covered with the photo-resist film. The combination of the 
chemical/mechanical polishing and subsequent liquid phase growth allows the inter-layer insulator to have a 
level surface. The inter-layer insulator is formed without any liquid phase growth, thereby the process for 
forming the inter-layer insulator is relatively simple. 

The above novel method for forming the multilevel interconnections is applicable to three or more level 
interconnections. In place of the chemical/mechanical polishing method, an etch back process by a reactive 
ion-etching which uses a fluorine compound and/or a chlorine compound is also available. The silicon oxide 
film may contain at least one of phosphorus, boron and germanium. Such film may be formed by either a 
sputtering method or a chemical vapor deposition method. The interconnections may be made of a 
conductive material which includes at least one of titanium nitride, tungsten, molybdenum, gold, silver, 
copper, silicon, aluminum, titanium, titanium-containing silicon. Such conductive film may be formed by a 
chemical vapor deposition method or a sputtering method. 

The super-saturated hydrosilicofluoric acid solution may be prepared by heating a hydrosilicofluoric solution. 
The super-saturated hydro-silicofluoric acid solution may also be prepared by dissolving aluminum into a 
hydrosilicofluoric solution. The super-saturated hydro-silicofluoric acid solution may be prepared by adding 
either a boric acid solution or water into a hydrosilicofluoric solution. 

As described above, the interconnection grooves are formed by a selective growth of the fluoro-containing 
silicon oxide film without using a reactive ion-etching process. This means that the interconnection grooves 
are free from any variation in its size due to any variation in the size of a photo-resisit pattern. 

When the inter-layer insulator is formed, the first interconnections which underlying the inter-layer insulator 
are not exposed to the super-saturated hydro-silicofluoric acid solution so that the first interconnections are 
free from any corrosion. 

When the second fluoro-containing silicon oxide film which overlays the inter-layer insulator is formed, the 
conductive films in the via holes of the inter-layer insulator are not exposed to the super-saturated hydro- 
silicofluoric acid solution so that the conductive films are free from any corrosion. 

The groves and the via holes are filled with the conductive material to obtain level surfaces for facilitating the 
planerization. 

Whereas modifications of the present invention will no doubt be apparent to a person having ordinary skill in 
the art, to which the invention pertains, it is to be understood that embodiments as shown and described by 
way of illustrations are by no means intended to be considered in a limiting sense. Accordingly, it is to be 
intended to cover by claims all modifications which fall within the spirit and scope of the present invention. 



Data supplied from the esp@cenet database - Worldwide 



http://v3.espacenet.con^ 07/19/2006 05:33:46 PM 



